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Section 1.0 Introduction 

Occidental Chemical Corporation (OCC) has been working with the Washington State 

Department of Ecology (Ecology) and the United States Environmental Protection Agency 

(USEPA) (together referred to as the "Agencies") to address remaining environmental issues at 

the "Occidental" Site associated in part with the former OCC facility located in Tacoma, 

Washington (Site) under an Administrative Order on Consent (AOC) (EPA, 2005a).  The work 

activities required under the AOC are outlined in the "Statement of Work for the Administrative 

Order on Consent" (SOW) (CRA, 2005).  OCC has completed field investigations required under 

all Tasks of the SOW.  Results from these investigations are presented in this Site 

Characterization Report (SCR), as required under Task A6 of the SOW. 

 

This SCR presents the Site characterization based upon the analytical and hydraulic data 

collected from various groundwater, soil, sediment, and vapor investigations performed at the 

Site.  The presented data includes both "new" data collected during the most recent 

investigations (May 2005 through March 2014) and relevant "historical" data collected during 

previous investigations (1993 through 2004). 

 

The data presented in this SCR was used to develop a conceptual Site Model (CSM), which was 

presented under separate cover (CRA, April 2014) and is summarized in Section 5.6 of this SCR.  

The CSM will form the basis for the development of a three-dimensional groundwater flow and 

contaminant transport model that will be used in the evaluation of remedial alternatives. 

 
1.1 Purpose and Scope of Report 

The purpose of this Site characterization is to evaluate the data collected from all investigations 

at the Site and to adequately characterize the contamination of soil, sediment, and 

groundwater underlying the Site; assess the exposure pathways; to allow development and 

evaluation of remedial design alternatives to address relevant exposure pathways.  The scope 

of work for the Site characterization activities was based upon the following objectives: 

 

i) Determine the three-dimensional extent of volatile organic compounds (VOC) and pH 

contamination in groundwater onshore and beneath the Hylebos Waterway (Waterway) 

ii) Determine the depth of hydraulic capture required to prevent contaminated 

groundwater from discharging into the Waterway 

iii) Determine the three-dimensional extent of source material onshore and beneath the 

Waterway 
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iv) Quantify the hydrogeological parameters that will allow the flux of potential 

contaminants into the Waterway to be determined, and provide data needed to refine 

the conceptual hydrogeological model for the Site 

 
1.2 Site Description 

The Site is located on the eastern-most1 peninsula of the area of ownership and operations of 

the Port of Tacoma (POT) that extends into Commencement Bay at the mouth of the Puyallup 

River Valley.  The Site is defined in the AOC2.  A general location map showing the Site, including 

the formerly OCC-owned properties and that portion of Segment 5 of the Waterway contained 

within the Site, is presented on Figure 1.1. 

 

A plan showing local property ownership is presented on Figure 1.2.  The properties formerly 

owned and/or operated on by OCC or its predecessors include: 

 

¶ 605 Alexander Avenue (former OCC Facility currently owned by Mariana Properties, Inc. 

[Mariana]) 

¶ 709 Alexander Avenue (currently owned by Mariana) 

 

The properties are referred to as the 'Former OCC Facility (605) and Mariana Properties (709)' 

on Figure 1.2.  The properties are bounded on the west, north, and south by former Navy 

property (now owned by the POT or U.S. Navy), and on the east by the Waterway. 

 

The approximate extent of groundwater contamination at the Site is shown on Figure 1.1.  The 

Site is within the 10- to 12-square mile area Commencement Bay Nearshore/Tideflats (CB/NT) 

Superfund Site which includes several waterway problem areas and adjoining uplands as 

described by the CB/NT Record of Decision (EPA, 1989).  The Site includes part of Segment 5 of 

the Mouth of Hylebos Problem Area where contaminated sediments were dredged and 

disposed in 2003-2005 (CRA, 2014a), or excavated and capped 2007-2008 (Hart Crowser, 2014).  

This work was performed under the Mouth of Hylebos Consent Decree (EPA, 2005b).  Sediment 

contaminants removed from the dredged areas of the Waterway included 

hexachlorobenzene (HCB), hexachlorobutadiene (HCBD), polychlorinated biphenyls (PCBs), 

various metals, and other organic chemicals.  Remaining sediment contamination within the 

Site is to be addressed under the AOC (EPA, 2005a). 

                                                      
1 Note that all directional references are relative to plant-north that points toward Commencement Bay, 

approximately aligned with the centerline of the Site peninsula. 

2 Note that the AOC definition of the Site is repeated in the RD/RA Consent Decree for the Mouth of Hylebos 
Problem Area of the Commencement Bay Nearshore/Tideflats Superfund Site, U.S. v. Port of Tacoma, et al., 
Civil Action No. C05-5103 FDB (Western District of Washington)(Mouth RD/RA Consent Decree). 
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The most recent aerial photograph of the Site (dated 2011) is presented on the USB drive 

attached as Appendix A.  This aerial photograph reflects the removal of buildings and process 

equipment that occurred during the recent demolition of the former OCC Facility completed 

between 2006 and 2008.  For reference, historical aerial photographs of the former OCC Facility 

are also included in Appendix A. 

 
1.3 Property Ownership 

Prior to 1920, the properties which comprise the Site were undeveloped tidal mudflats.  

Between 1920 and 1936, the area was filled with approximately 16 feet (ft) of dredge material, 

primarily sand, as part of an upland expansion project. 

 

Mariana Properties, an affiliate of OCC, currently owns the property at 605 Alexander Avenue, 

having acquired it from Pioneer Americas, LLC in 2005.  A predecessor of OCC began operations 

on the property in 1929 and acquired additional adjacent parcels over time.  Other owners 

and/or operators of all or a portion of the property have included Hooker-Detrex Corporation, 

the United States Navy, Todd Shipyards, the United States Defense Plant Corporation, and 

Pioneer Americas. 

 

OCC Tacoma, a wholly owned subsidiary of OCC, acquired the property at 709 Alexander 

Avenue from PRI Northwest, Inc. (PRI) in 1997.  In 2001, OCC Tacoma merged back into OCC, 

and the property was conveyed to Mariana Properties.  Previous owners of the property 

included Fletcher Oil, which acquired it in 1938 from Norton and Mary Clapp.  Tesoro 

Petroleum, Inc. and United Independent Oil Company, Inc. also leased portions of the 

709 Alexander Avenue property in the 1970s. 

 

The property along the east side of the Waterway is held in trust for the Puyallup Tribe of 

Indians.  Previous owners of this property include the POT.  The United States Navy owns the 

eastern portion of the property at 721 Alexander Avenue.  With the exception of Alexander 

Avenue itself, which is owned by the City of Tacoma, the remaining portions of the Site, 

including the Waterway, are owned by the POT. 

 
1.4 Current Land Use 

The Site is located in the industrial tideflats area of Tacoma, Washington.  The zoning of the 

properties which comprise the Site is "S-10", Port Industrial Shoreline District, "M-3", Heavy 

Industrial District, and "PMI", Port Maritime Industrial.  Restrictive covenants restricting land 

use on the properties to non-residential industrial use are contained and set forth in the Quit 

Claim Deed (Corrected) recorded on April 28, 1997, in the records of the Pierce County Auditor 
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(Recording No. 9704280734).  Pertinent property owned by the POT is the subject of a 

restrictive covenant recorded on May 5, 2003, in the records of the Pierce County Auditor 

(Recording No. 200305050452).  Those restrictive covenants prohibit groundwater extraction, 

supply or use for drinking or other human consumption or domestic use of any kind. 

 

The nearest residential properties are approximately 1 mile to the east, on the bluff across the 

Waterway from the Facility, 3/4 of a mile across the Waterway to the northeast, and 

approximately 3 miles to the south. 

 

Current land uses of the properties that encompass the Site include: 

 

i) Mariana Property:  The existing groundwater treatment plant is located on the northern 

portion of the 605 Alexander Avenue property.  Portions of the existing groundwater 

extraction and injection systems, as well as groundwater monitoring wells, are located 

on the property.  The two docks along the Waterway are in poor condition and are not 

in use. 

ii) Port of Tacoma:  The properties owned by the POT are used for various industrial and 

commercial activities.  Portions of the existing extraction and injection systems, as well 

as groundwater monitoring wells, are located on the POT property.  The Waterway and 

Piers 24/25 are used for commercial shipping purposes. 

iii) United States Navy:  There is no current land use of this property. 

iv) Puyallup Tribe of Indians:  This property includes two marinas used for the storage and 

berthing of private boats. 

 
1.5 Historical OCC Operations 

OCC's predecessor's manufacturing operations began at the Site in 1929 and continued by OCC 

and others until 2002.  The operations undertaken on the former OCC Facility (605) and 

Mariana Properties (709) are described below. 

 
605 Alexander Avenue 

The chemical processes, products, and byproducts associated with the property are 

summarized below, based on information provided in Attachment 9 (Tacoma Groundwater 

Continuing Releases Program Groundwater Treatment Technology Assessment) of the RCRA 

Facility Investigation (CRA, 1989) and other sources. 
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Processes Products Byproducts 
Period of 
Operation 

Chlorine/Caustic soda 
production 

Chlorine/Caustic soda Calcium carbonate, 
magnesium hydroxide, 
sodium chloride 
(recycled into brine), 
chlorinated organic 
residue, dioxins/furans 

1929 to 2002 

Sodium hypochlorite 
production 

Sodium hypochlorite Sodium chloride 
(recycled into brine), 
water 

1974 to 1992 

Chlorinated solvent 
production 

Trichloroethene/ 
Tetrachloroethene 
(TCE/PCE) 

Calcium chloride, 
calcium hydroxide, 
chlorinated organic 
residue with VOC and 
SVOC compounds 
including HCB, HCBD, 
and other by-products 

1947 to 1973 

Ammonia production Ammonia None 1952 to 1992 

Muriatic acid 
production 

Muriatic Acid None 1936 to 2002 

Calcium chloride 
production 

Calcium chloride Carbon dioxide, water, 
magnesium and 
transition metal 
precipitate 

1964 to 2002 

Fish oils hydrogenation Saturated (hydrogenated) 
oil 

Used catalyst 
(e.g., nickel) 

1939 to 1952 

Aluminum chloride 
production 

Aluminum chloride None  1942 to 1945 

Sodium aluminate 
production 

Sodium aluminate Water 1959 to 1960 

 

TCE was produced at the facility from 1947 to 1973.  PCE was produced from 1960 to 1973.  

Plant records indicate a fairly consistent production rate of 1,100,000 and 660,000 pounds per 

month of TCE and PCE, respectively.  Over the period of solvent production (1947 ς 1973), it is 

estimated that a total mass of 350 million pounds of TCE and 107 million pounds of PCE were 

produced.  Thus, the total solvent production was on the order of 457 million pounds. 

 

Wastes generated during the manufacturing processes were managed on this property.  Waste 

management practices included:  wastewater treatment (settling) ponds, settling barges, 

landfills, disposal pits, and waste piles.  Available historical information does not indicate 

whether pits, ponds, landfills, piles, etc. were partly contained or, if so, how they were 

contained.  Based on sampling data from the vicinity of these waste management units 

(WMUs), it is apparent that releases to the subsurface occurred. 
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The locations and descriptions of historical chemical activity areas are shown on Figure 1.3.  

Seventeen (17) WMUs were historically located on the property.  The locations of the WMUs, 

and the chemicals associated with them, are shown on Figure 1.4. 

 

From 1929 to 2002, chlorine was produced using electrolytic cells.  Linseed and other oils were 

originally used to bind the graphite electrodes used for chlorine production, and were later 

replaced by phenolic resin binders.  According to European Commission (2001)3, spent graphite 

anodes are a potential source of dioxin/furan compounds.  However, the lack of available 

oxygen in the process combined with the lack of a significant heat source would have made the 

production of dioxins and furans at the Site minimal.  The change to phenolic resin binders 

increased the potential for dioxin/furan formation.  Graphite waste was disposed in WMUs L, 

M, P, and Q, and has also been observed in the embankment area.  Results for spent anodes 

analyzed during 19874 and 1988 showed that total 2,3,7,8-TCDD equivalent concentrations 

were all less than 1 microgram per kilogram (µg/kg), and as a result, anodes were disposed 

off Site as non-TCDD RCRA waste. 

 

From 1947 to 1973, a chlorinated solvents process producing PCE and TCE was in operation on 

the northern section of the property proximate to Area 5106 (see Figure 1.3).  The chlorinated 

solvent production process consisted of the chlorination of acetylene to produce 

tetrachloroethane (PCA).  The PCA was heated to 100 C̄ with lime to form TCE, which was then 

chlorinated to form pentachloroethylene.  The pentachloroethylene was treated with lime to 

produce PCE.  By-products in the residue from the process included (in approximate decreasing 

relative amounts): 

 

¶ Calcium chloride and calcium hydroxide 

¶ HCB and HCBD5, as well as hexachloroethane, trichloroethane, dichloroethylenes 

¶ Other chlorobutadienes 

 

During the first year of production, effluent from the chlorinated solvents process (consisting of 

an aqueous slurry composed of byproduct calcium chloride [lime sludge], and chlorinated 

organic [solvent] residue) was discharged directly to the Waterway through a pipe labeled on 

historical drawings as '4" Lime'.  The location of the direct discharge line is shown on Figure 1.3.  

                                                      
3 European Commission, 2001. Integrated Pollution Prevention and Control (IPPC).  Reference Document on 

Best Available Techniques in the Chlor-Alkali Manufacturing Industry.  December.  
http://eippcb.jrc.ec.europa.eu/reference/BREF/cak_bref_1201.pdf. 

4 Results transmitted by OCC's September 16, 1987 letter to USEPA (Catherine Massimino) and Ecology 
(Steve Robb). 

5 "Chlorine, Its Manufacture, Properties, and Uses" Ed. Sconce.  ACS Monograph Series No. 154, 1962. 
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From approximately 1949 to 1952, and again from 1972 to 1973, the process effluent was 

passed through one of a series of upland settling ponds where the solids settled out, and the 

supernatant was discharged to the Waterway.  During the period from 1952 to 1972, the 

effluent was discharged to a settling barge berthed alongside the present northern walking pier 

(WMU F on Figure 1.4).  The solids settled in the barge, and the supernatant was discharged to 

the Waterway.  The solids in the barge were taken to a deep water disposal site.  Between 1949 

and 1971, a small landfill shown as WMU C on Figure 1.4 was used for the disposal of lime and 

calcium chloride from the chlorinated solvents process. 

 

As discussed in the Embankment Area Characterization Report (CRA, 1999), the embankment 

area is defined as the area along the Waterway that extends from the northwest boundary of 

the 605 Alexander Avenue property to the southeast boundary of the adjacent property at 

709 Alexander Avenue (otherwise identified as the former PRI property).  Previous reports 

segregated the embankment area into the following sections, which are shown on Figure 1.5: 

 

¶ Northern Section 

¶ Central Section 

¶ Southern Section 

¶ PRI Section 

 

The Northern Section is approximately 500 ft of embankment area extending southward from 

the facility's northern property boundary, and was acquired prior to OCC by Hooker Chemical 

Corporation (Hooker) from Todd Shipyards.  Heavy industrial activities took place in this area 

both before and after Hooker's ownership, most notably war-related shipyard activities 

undertaken by the U.S. Navy and Todd Shipyards for both World War I and World War II.  

Historical information indicates that landfilling and incinerating operations (among other 

activities) took place along the shoreline and in the uplands during the World War II shipyard 

activities.  Following acquisition of the property by Hooker, a landfill was developed, identified 

as WMU C.  Additionally, settling ponds were installed in the Northern Section identified as 

WMU H. 

 

The Central Section is approximately 600 ft  of embankment area between the Northern Section 

and the Southern Section.  Due to extensive development in this area for active industrial use, 

limited to no landfilling or disposal operations were performed, and therefore no documented 

WMUs exist in this area. 

 

The Southern Section is approximately 400 ft of the embankment area between the Central 

Section and the PRI Section.  Historical information indicates that this area was used for a 

landfill, and is identified as WMU N. 
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The PRI Section is approximately 200 ft of the embankment area extending southward from the 

south edge of the 605 Alexander Avenue property boundary, and is distinctly identified as part 

of the 709 Alexander Avenue property.  Historical information indicates that an embankment 

fill area exists that extends south from the N Landfill (WMU N) on the 605 Alexander Avenue 

property. 

 

As discussed in the Embankment Area Characterization Report (CRA, 1999), historical 

investigations were performed in each of the above-stated sections to identify physical 

properties of the embankment materials and collect samples of materials, groundwater, and 

seeps for analysis of various chemical parameters.  The investigations identified several types of 

materials that were placed along the embankment area. 

 

The primary embankment materials identified in each section are as follows: 

 

¶ Northern Section ς Sediment, waste sludge, slag, concrete, bricks, riprap, and shipyard 

incineration wastes 

¶ Central Section ς Sediment, concrete, bricks, and riprap 

¶ Southern Section ς Sediment, waste sludge, concrete, and riprap 

¶ PRI Section ς Sediment, waste sludge, anodes, and concrete 

 

Contaminants associated with the waste sludge include VOCs and SVOCs.  The shipyard 

incineration wastes and spent graphite anodes described above are potential sources of 

dioxin/furan compounds (European Commission, 2001). 

 

The scope of the embankment investigations are discussed in Sections 2.1.7 through 2.1.9. 

 
709 Alexander Avenue 

OCC and its predecessors did not conduct any manufacturing operations on this property.  

However, fill materials that included wastes from the activities at the 605 Alexander Avenue 

property, and likely other potential sources, were placed on the 709 Alexander Avenue 

property along the embankment of the Waterway.  This area of the embankment (PRI Section) 

is discussed above. 

 
1.6 Other Historical Operations 

Historical operations on 605 Alexander Avenue and the adjacent properties are provided in the 

following section, and are based on information provided in Appendix B. 
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Prior to the use of the 605 Alexander Avenue property by OCC and its predecessors for 

chemical manufacturing, a portion of the property (North 10 Acres) was used by the United 

States and Todd Shipyards Corporation for operations associated with ship building and 

dismantling activities, as well as for the gathering and incineration of shipyard wastes.  In 

approximately 1945, these activities ceased and the facilities on the North 10 Acres were 

decommissioned.  In 1945, shipyard wastes were dumped on uplands and on the shoreline and 

partially pushed into the Waterway.  This area is now described as the "Navy Todd Dump" 

(shown on Figure 1.2). 

 

The other historical operations of properties adjacent to 605 Alexander Avenue are 

summarized below: 

 
401 Alexander Avenue 

¶ Ship building and dismantling, and related activities, during World War I and World War II 

¶ U.S. Naval Station Tacoma's ship storage, maintenance, and dismantling from World War II 

to 1960 

¶ Port Industrial Yard (Early Business Center) and numerous tenant operations since 1960, 

including ship building and dismantling 

 

Most of the Piers 24/25 Waterway embankment on this property was remediated with 

installation of a sediment cap, after excavating areas of more pronounced contamination, in 

2007-2008 under the Mouth of Hylebos RD/RA Consent Decree (Hart Crowser, 2014).  The 

southern 400 ft of sediment were not capped.  EPA, POT, and OCC agreed that activities in this 

area will be incorporated with the sediment remediation activities to be accomplished under 

the AOC. 

 
709 Alexander Avenue 

i) Bulk petroleum fuel storage and distribution terminal between the 1930s and 1980s 

ii) Tetraethyl lead plant, blending lead with gasoline in the late 1970s and early 1980s 

iii) Topping plant for crude oil distillation in the 1970s and early 1980s 

 
721 Alexander Avenue 

i) Fuel distribution depot and bulk petroleum storage depot from 1936 through 1965 

ii) Petroleum storage facility from 1966 through 1983 

iii) Materials storage yard since 1983 
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Historical Site features on 709 and 721 Alexander Avenue are shown on Figure 1.6.  These 

properties will be further investigated under Agreed Order No. DE 9835 among Ecology, 

Mariana, and the POT, effective on October 3, 2013. 

 
1.7 Report Organization 

This SCR is organized as follows: 

 

i) Section 1.0 ς Introduction:  provides the general introduction, purpose, scope, and 

general background for the Site. 

ii) Section 2.0 ς Summary of Investigations and Cleanup Actions:  includes a brief 

summary of the investigations and activities associated with the Site Characterization, 

along with previous cleanup actions. 

iii) Section 3.0 ς Physical Characteristics:  presents the results of the field activities to 

determine physical characteristics of the Site. 

iv) Section 4.0 ς Nature and Extent of Contamination:  presents the site-specific 

contaminants of concern, cleanup and screening levels, and results of the Site 

Characterization for each media including soil, groundwater, surface water, and 

sediment. 

v) Section 5.0 ς Contaminant Fate and Transport:  presents the potential routes of 

migration, contaminant persistence and behavior, transport processes, and Conceptual 

Site Model. 

vi) Section 6.0 ς Baseline Risk Assessment:  presents a summary of the Risk Assessment, 

including human health and ecological risk. 

vii) Section 7.0 ς Summary and Conclusions. 

viii) Section 8.0 ς References. 

 

 

Section 2.0 Summary of Investigations and Cleanup Actions 

2.1 Summary of Investigationsi 

These investigations have been accomplished by OCC and other parties under USEPA and 

Ecology oversight pursuant to several different regulatory mechanisms.  As described in detail 

below, OCC's activities have been accomplished in accordance with permits issued pursuant to 

RCRA and Washington's Hazardous Waste Management Act, an agreed order on consent for 

Waterway pre-remedial design activities, a unilateral administrative order, and the AOC. 
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Numerous investigations of groundwater, soil, and sediment have been conducted at the Site, 

as described in the following sections.  Over 8,200 groundwater, sediment, soil, seep, leachate, 

debris, indoor/outdoor air, and soil vapor samples were collected from approximately 

1,300 locations and analyzed during the 25 investigations listed in the following sections.  The 

locations of these samples are shown on Figure 2.1.  The physical, chemical, and hydraulic data 

from these investigations have developed the current understanding of the Site and are 

incorporated in subsequent sections of this report. 

 

Appendix C includes tables (on USB drive) that summarize the collection and analysis for each 

groundwater, soil, sediment, leachate/synthetic precipitation leaching procedure (SPLP), 

porewater, seep, debris, and geotechnical sample presented in this report.  The tables can be 

sorted or queried by sample ID to locate particular samples of interest. 

 
2.1.1 RCRA Facility Investigation (1988-1989) 

The RCRA Facility Investigation I (RFI-I) was conducted pursuant to the requirements of the 

Joint Permit for the Storage of Dangerous Waste (Permit), WAD009242314, dated 

November 1988.  USEPA and Ecology jointly administered the Permit.  A RCRA Facility 

Assessment (RFA) was completed by USEPA and reported in February 1988 in a memorandum 

from C. Massimino (USEPA) to File and copied to S. Robb of Ecology.  The RFA concluded that 

hazardous constituents were released from past WMUs and that an RFI-I was required to define 

the nature and extent of impacted groundwater for the development of a corrective action 

program. 

 

The RFI-I included identification and investigation of WMUs, installation and development of 

monitoring wells, hydraulic conductivity testing, multiple rounds of groundwater sampling, 

surface runoff and seep sampling, and hydraulic monitoring.  The data generated by the RFI-I 

became the basis for development of the existing corrective action measures (groundwater 

extraction and treatment) described in 2.2.3 and subsequent investigative activities. 

 
2.1.2 Commencement Bay Nearshore/Tideflats Superfund Site (1993) 

OCC and other parties comprising the Hylebos Cleanup Committee (HCC) undertook Hylebos 

Waterway Pre-Remedial Design activities pursuant to a 1993 AOC with USEPA (Docket No, 

1093-07-03-104/122).  In order to characterize sediment in the embankment, OCC conducted 

field activities in accordance with the requirements of the "Combined Sampling and Analysis 

Plan for the Commencement Bay Nearshore/Tideflats Superfund Site ς Hylebos Waterway 

Problem Areas" (HCC, 1993).  Field activities associated with this investigation were conducted 

in August 1993 and consisted of: 
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¶ Collection of 5 shallow (1 ft below ground surface [BGS]) soil samples from the top of the 

slope at the northeast portion of the Site embankment area 

¶ Analysis of soil samples for TCLP-VOCs, TCLP-SVOCS, TCLP-Pesticides, TCLP-Herbicides, 

TCLP-Metals, corrosivity, cyanide reactivity, sulfide reactivity, and flash point 

 

Data from the investigation were previously presented in Attachment E-3 of Appendix E of the 

"Work Plan; Characterization of the Embankment Along the Hylebos Waterway the OxyChem 

Tacoma Facility" (CRA, 1996) and in the "Summary of Previous Investigations" (CRA, 2004). 

 
2.1.3 PRI Preliminary Site Investigation (1994) 

In 1994, PRI Northwest, Inc. (PRI) conducted a preliminary investigation to characterize the 

Berm Area adjacent to the Waterway at 709 Alexander Avenue.  Field activities associated with 

the investigation were conducted between December 1993 and January 1994 and consisted of: 

 

¶ Collection of soil samples from 10 test pit excavations in the eastern portion of the property 

¶ Installation of 5 monitoring wells in the eastern portion of the property 

¶ Collection of 15 soil samples from test pits and soil borings completed during monitoring 

well installation 

¶ Collection of groundwater samples from the 5 newly installed monitoring wells and from a 

low tide groundwater seep 

¶ Analysis of soil samples for Volatile Organic Compounds (VOCs), Semi-volatile Organic 

Compounds (SVOCs), Total Petroleum Hydrocarbons (TPH), Polychlorinated Biphenyls 

(PCBs), metals, and Total Organic Carbon (TOC) 

¶ Analysis of groundwater samples for VOCs, SVOCs, TPH, PCBs, metals (dissolved and total), 

TOC, pH, total suspended solids (TSS), conductivity, and chloride 

¶ Completion of a 3-day monitoring program to assess groundwater flow 

 

Data from the investigation were previously presented in the "Preliminary Site Investigation 

Report" (Hart Crowser, 1994), in the "Supplemental Monitoring Well Installation and 

Groundwater Sampling and Analysis Report" (Hart Crowser, 1994), and in the "Summary of 

Previous Investigations" (CRA, 2004). 

 
2.1.4 Hylebos Waterway Pre-Remedial Design Program (1994) 

In 1994, the HCC conducted an investigation that included the collection and analysis of 

sediment from the subtidal and intertidal portions of the Waterway adjacent to the Site and the 

collection of sediment samples from the embankment. 
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¶ Collection of 6 composite sediment/soil samples from the intertidal zone of the Waterway 

and embankment are adjacent to the Site 

¶ Analysis of sediment/soil samples for VOCs, SVOCs, pesticides, and metals 

 

Data from the investigation were previously presented in the "Hylebos Waterway Pre-Remedial 

Design Evaluation Report" (HCC, 1999). 

 
2.1.5 PRI Source Identification Investigation (1994) 

In 1993 and 1994, PRI conducted an investigation of subsurface soil and groundwater 

conditions at the former PRI bulk fuel facility located at 709 Alexander Avenue.  This 

investigation was focused on the identification of the potential source(s) of VOCs detected in 

shallow groundwater beneath the PRI property.  Field activities associated with this 

investigation were conducted between December 8, 1993, and an unknown date prior to 

October 1994 and included the following: 

 

¶ Installation of 3 monitoring wells 

¶ Collection of 3 soil samples from soil borings completed during monitoring well installation 

¶ Collection of groundwater samples from the 5 existing and 3 newly installed monitoring 

wells and from a low tide groundwater seep 

¶ Analysis of soil samples for VOCs, SVOCs, TPH, PCBs, and metals 

¶ Analysis of groundwater samples for VOCs, SVOCs, TPH, PCBs, metals (dissolved and total), 

TOC, pH, TSS, conductivity, and chloride 

¶ Assessment of groundwater flow directions 

 

The results of the investigation were previously presented in the "Preliminary Site Investigation, 

Volume I" (Hart Crowser, 1994), in the "Supplemental Monitoring Well Installation and 

Groundwater Sampling and Analysis Report" (Hart Crowser, 1994), and the "PRI Source 

Identification Program Report" (CRA, 1996). 

 
2.1.6 PRI Soil and Groundwater Investigation (1995) 

In March and August 1995, PRI conducted a soil and groundwater investigation at 

709 Alexander Avenue to further evaluate the extent and potential sources of groundwater 

contamination.  The field activities included: 

 

¶ Collection of soil samples from 11 test pit excavations 
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¶ Installation of 12 monitoring wells 

¶ Collection of 28 soil samples from test pits and soil borings completed during monitoring 

well installation 

¶ Collection of groundwater samples from the 8 existing and 12 newly installed monitoring 

wells 

¶ Analysis of soil samples for VOCs, 4 test pit samples were additionally analyzed SVOCs and 

PCBs 

¶ Analysis of groundwater samples for VOCs, ammonia as nitrogen, nitrate/nitrite as nitrogen, 

dissolved aluminum, pH, lead (dissolved and total), chloride, major and minor ions, and 

alkalinity 

¶ Assessment of groundwater flow directions 

 

Data from this investigation were previously presented in the "Soil and Groundwater 

Investigation (March and August 1995)" (Hart Crowser, 1995). 

 
2.1.7 Embankment Investigation (1996) 

In 1996, OCC conducted an investigation to define the extent of chemical presence in the 

embankment materials located within and above the intertidal zone.  Field activities associated 

with this investigation were conducted between March 20 and April 5, 1996, and included: 

 

¶ Installation of 15 borings within and above the intertidal zone of the embankment  

¶ Collection of composite sediment/soil samples from the 15 borings within and above the 

intertidal zone of the embankment  

¶ Collection of 20 surface composite samples of sediment, soil, and fill from 42 locations in 

the upland and embankment areas of the Site 

¶ Collection of groundwater samples from 7 groundwater monitoring wells 

¶ Analysis of soil/sediment and fill samples for VOCs, SVOCs, pesticides, PCBs, metals, and 

TPH 

 

Bulk chemistry data from this investigation were previously presented in the "Embankment 

Area Characterization Report" (CRA, 1999). 

 
2.1.8 Embankment Area Investigation (1998) 

After initial review of the 1996 investigation data, OCC conducted an additional investigation to 

further characterize the embankment pursuant to the AOC, as originally executed by USEPA 

and OCC in 1997.  Field sampling activities for the further characterization were performed as 
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outlined in the "Sampling and Analysis Plan ς Embankment Area Removal Action" (CRA, 1997).  

Field activities associated with the investigation were conducted between January 6 and 

April 1, 1998, and included: 

 

¶ Installation of 12 soil borings in the embankment area of the Site 

¶ Collection of 22 surface debris samples (anodes, red brick, concrete, and slag) 

¶ Collection of 176 surface sediment and sludge samples from the embankment area of the 

Site 

¶ Collection of seep samples during outgoing tides from 16 seep locations on the 

embankment area of the Site 

¶ Collection of porewater samples and seep precipitant from 2 milky seep locations on the 

embankment area of the Site 

¶ Analysis of soil samples from embankment area borings for grain size, moisture content and 

asbestos 

¶ Analysis of milky seep porewater, and leachate prepared from surface debris, sediment, 

sludge, and milky seep precipitant for VOCs, SVOCs, pesticides, PCBs, and metals using the 

SPLP 

¶ Analysis of seep samples for VOCs, SVOCs, pesticides, PCBs, and metals 

 

Data from this investigation were previously presented in the "Embankment Area 

Characterization Report" (CRA, 1999). 

 
2.1.9 Supplemental Embankment Investigation (1998) 

In October 1998, OCC conducted supplemental investigation activities to obtain additional 

leachate data for the embankment.  Field sampling activities for this supplemental investigation 

were performed as outlined in the "Work Plan ς Supplemental Embankment Characterization" 

presented in Appendix F of the "Embankment Area Characterization Report" (CRA, 1999).  Field 

activities associated with this supplemental investigation were conducted between October 8, 

1998 and January 7, 1999, and included: 

 

¶ Collection of seep samples from 3 embankment seeps 

¶ Collection of interstitial water from 4 piezometer pairs installed in the embankment 

¶ Analysis of seep and interstitial water samples for pesticides and dissolved metals 

 

Data from this investigation were previously presented in the "Supplement A to the 

Embankment Area Characterization Report" (CRA, 1999). 
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2.1.10 Rapid pH Assessment (2002-2004) 

OCC conducted a groundwater investigation focused in the Embankment Area, referred to as 

the Rapid pH Assessment, under Task A4 of the "Draft Work Plan, Groundwater Remediation, 

Embankment Area Removal Action and Area 5106 Capping" (CRA, 2004).  The purpose of the 

Rapid pH Assessment was to further delineate the plume of elevated pH groundwater through 

sampling of groundwater from discrete intervals in borings advanced within the Embankment 

Area.  Field activities associated with the Rapid pH Assessment were conducted in two phases 

between November 2002 and January 2003 (Phase I) and January 2004 and February 2004 

(Phase II) and included: 

 

¶ Installation of 89 soil borings within the embankment area 

¶ Collection of 263 groundwater samples from discrete intervals in soil borings 

¶ Collection of groundwater samples from 9 monitoring wells 

¶ Collection of 87 seep samples from 43 seep locations along the embankment 

¶ Analysis of groundwater samples from monitoring wells and soil boring for VOCs, alkalinity, 

chloride, sulfate, metals, silicon, total dissolved solids (TDS), specific gravity, and pH 

¶ Analysis of samples from seep locations for VOCs, alkalinity, hydroxide, chloride, sulfate, 

metals, silicon, TDS, specific gravity, and pH 

 

The results of the Rapid pH Assessment activities were previously presented in the "Draft Rapid 

pH Assessment Report (Revised July 1, 2004)" (CRA, 2004). 

 
2.1.11 Area 5106 Post-Treatment Characterization (2003) 

In March 2002, USEPA, OCC, and other parties agreed in order to maintain cleanup schedules, 

among other reasons, that USEPA should issue three unilateral administrative orders (UAOs) 

pertinent to the Waterway.  Activities pertinent to Area 5106 were addressed by one such UAO 

(Docket No. CERCLA 10-2002-0066), which was eventually terminated by the AOC, as amended 

in 2005.  OCC conducted an investigation to characterize the sediments within the relatively flat 

portion of Area 5106 following the completion of the dredging and treatment of Area 5106 

sediment.  Field activities associated with the investigation were conducted between July 21, 

2003 to July 25, 2003, in accordance with the SAP and the QAPP approved by USEPA as 

Appendices A and B of the "Post-Treatment Work Plan" (CRA, 2003).  Field activities included: 

 

¶ Collection of 9 sediment cores to a minimum of 10 ft below the mudline from within the 

5106 dredging area 

¶ Collection of 98 discrete sediment samples from each core at 1-ft intervals 
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¶ Collection of 23 groundwater samples from 5 of the 9 sediment core locations at 2-ft 

intervals 

¶ Physical characterization of sediment samples including:  grain size, vane shear testing, and 

vertical hydraulic conductivity/site-specific seepage induced consolidation tests on recently 

deposited sediments 

¶ Analysis of sediment samples for TOC, TCE, PCE, HCBD, and HCB 

¶ Analysis of groundwater samples for TOC, TCE, and PCE 

 

Data from this investigation were previously presented in the "Post-Treatment Characterization 

Report" (CRA, 2003). 

 
2.1.12 Preliminary Investigation and Assessment of Techniques ς 

Groundwater Discharge to the Hylebos Waterway (2004) 

USEPA and Ecology conducted a joint investigation of groundwater discharge to the Waterway 

in 2004.  The goals of the investigation were to gain a better understanding of the distribution 

and transport of contaminants in the subtidal zone of the Waterway, and to identify the most 

efficient and effective techniques for delineating and quantifying groundwater discharge during 

future comprehensive investigations. 

 

Field activities associated with the investigation were conducted between April and 

August 2004.  Field activities included: 

 

¶ Diver inspection of the Waterway for evidence of discharging groundwater. 

¶ Conductivity, temperature, and depth surveys to identify contrasts in surface water 

conductivity and temperature. 

¶ Installation of 9 piezometers to collect groundwater samples and measure relative hydraulic 

heads in the groundwater and Waterway.  Groundwater samples were analyzed for VOCs, 

SVOCs, and metals. 

¶ Deployment of passive diffusion samplers to measure the quality of the ambient sediment 

porewater.  Porewater samples were analyzed for VOCs. 

¶ Installation of seepage meters to quantify groundwater discharge into the Waterway. 

 

Conclusions drawn from this investigation were used by the Agencies and OCC to develop the 

scope of subsequent subtidal investigations. 
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2.1.13 Supplemental Investigation (2004) 

OCC conducted this investigation under Task A3 of the SOW to further characterize the nature 

and extent of the groundwater, soil, and sediment contamination at the Site.  The field 

activities associated with this investigation were conducted between January 2004 and 

July 2004 and included: 

 

¶ Installation of 31 soil borings to further delineate the pH plume 

¶ Installation of 5 groundwater monitoring wells to further delineate the pH plume 

¶ Sampling of 3 seeps to further delineate the pH plume 

¶ Installation of 16 soil boring to further delineate the northern extent of the groundwater 

COC plume 

¶ Installation of 6 groundwater monitoring wells to further delineate the embankment area 

COC plume adjacent to Dock 2 

¶ Sampling of 30 seeps to further delineate the embankment area COC plume adjacent to 

Dock 2 

¶ Installation of 14 paired monitoring wells for hydraulic monitoring of existing E and 

F-Branch injection wells 

¶ Sampling of 4 monitoring wells for Appendix IX Analytes 

¶ Installation of 3 soil borings to further characterize COC presence in WMU H 

¶ Installation of 2 soil borings to further characterize COC presence in WMU C 

¶ Installation of 5 soil borings to further characterize COC presence in the former N Landfill 

area 

¶ Installation of 10 soil borings to further characterize COC presence in WMU A 

¶ Analysis of groundwater samples from soil borings, groundwater monitoring wells, and 

seeps from the Embankment Area pH plume for Alkalinity, Silica, and pH 

¶ Analysis of groundwater samples from the northern extent soil borings for Upland 

Groundwater COCs (VOCs and pH) 

¶ Analysis of groundwater samples from Dock 2 and E and F-Branch monitoring wells for 

Embankment Areas COCs (VOCs, SVOCs, PCBs, Metals, pH, and specific gravity) 

¶ Analysis of soil samples from the WMU-H, WMU-C, and N-Landfill soil borings for 

Embankment Areas COCs (VOCs, SVOCs, PCBs, and Metals) 

¶ Analysis of soil samples from WMU-A for target compound list VOCs and SVOCs 

 

The data collected during this investigation was previously presented in the "Interim Data 

Report, Supplemental Field Investigation" (CRA, 2004). 
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2.1.14 Area 5106 Slope Investigation (2004) 

The data collected from the borings installed for the Area 5106 Post-Treatment 

Characterization (2003) were not sufficient to fully define the extent of the residual chlorinated 

organic chemistry within the sediment and groundwater beneath and adjacent to Area 5106.  

Therefore, in order to further characterize the nature and extent of residual contamination in 

the area, additional borings were installed as part of the Supplemental Investigations (2004).  

Field activities related to these borings began on June 9, 2004, were completed on 

June 30, 2004, and included: 

 

¶ Installation of 9 soil borings beneath and adjacent to area 5106 

¶ Analysis of groundwater and sediment samples for VOCs (TCE and PCE) and SVOCs (HCB and 

HCBD) 

 
2.1.15 709/721 Alexander Avenue Investigation (2004) 

OCC conducted an investigation of the 709/721 Alexander Avenue properties in accordance 

with the SAP and the QAPP presented in Appendices G and H of the "Draft Work Plan (Revised 

6/16/2004)," approved by USEPA and Ecology.  Field activities associated with the investigation 

were conducted between March and July 2004 and included: 

 

¶ Installation of 17 groundwater monitoring wells 

¶ Collection of 50 groundwater samples from 18 monitoring wells and from discrete intervals 

in 10 direct push borings 

¶ Completion of a hydraulic monitoring event  

¶ Sampling of 8 seeps and 5 piezometers 

¶ Analysis of groundwater samples for VOCs and pH 

 

Chemistry data collected during this investigation were previously presented in the "Interim 

Groundwater Analytical Data Summary - 709/721 Alexander Avenue" (CRA, 2004).  Hydraulic 

data collected during this investigation were previously presented in the memorandum 

"Interim Deliverable 4.6:  Presentations of Hydraulic Data from 709/721 Alexander 

Investigation" (CRA, 2007). 

 
2.1.16 Additional Supplemental Investigations (2005-2006) 

The Sampling and Analysis Plan (SAP) and the Quality Assurance Project Plan (QAPP) for this 

investigation were conditionally approved by USEPA and Ecology on October 25, 2005 following 
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a partial approval on May 23, 2005.  Field activities for the investigation began on May 31, 

2005, were completed on September 27, 2006, and included: 

 

¶ Installation and collection of soil and groundwater samples from 3 soil borings within the 

subtidal area of the Site 

¶ Installation and collection of soil and groundwater samples from 32 soil borings to further 

characterize COC presence in WMU A 

¶ Installation and collection of soil and groundwater samples from 24 soil borings to further 

characterize COC presence in the N Landfill 

¶ Installation and collection of soil and groundwater samples from 8 soil borings within and 

adjacent to the salt pad 

¶ Installation and collection of soil and groundwater samples from 5 soil borings within and 

adjacent to the caustic house 

¶ Installation and collection of groundwater samples from 2 soil borings adjacent to Dock 2 

¶ Installation and collection of groundwater samples from 2 soil borings adjacent to the 

E-Branch injection wells 

¶ Analysis of soil samples from the subtidal area for PCE, HCB, and HCBD 

¶ Analysis of groundwater samples from the subtidal area for Embankment Area/Subtidal 

Groundwater VOCs, SVOCs, PCBs, metals, pH, and DOC 

¶ Analysis of soil and groundwater samples from WMU A for Upland Groundwater VOCs, pH, 

and TOC 

¶ Analysis of soil and groundwater samples from N Landfill for Embankment Area Subtidal 

COCs or Sediment/Porewater COCs including VOCs, SVOCs, pesticides/PCBs, metals, and pH 

¶ Analysis of groundwater samples from the salt pad area for Embankment Area Subtidal 

VOCs, SVOCs, PCBs, metals, and pH, as well as, sodium, hydroxide, chloride, TDS, and 

specific gravity 

¶ Analysis of soil samples from the salt pad area for Embankment Area Subtidal VOCs, SVOCs, 

PCBs, metals, and pH, as well as, sodium and chloride 

¶ Analysis of groundwater samples from the E-Branch injection well area for Upland 

Groundwater VOCs and pH 

¶ Analysis of groundwater samples from the caustic house area for Embankment Area 

Subtidal VOCs, metals, and pH, as well as, sodium, chloride, TDS, and specific gravity 

¶ Analysis of soil samples from the caustic house area for Embankment Area Subtidal VOCs, 

metals, and pH, as well as, sodium and hydroxide 

¶ Analysis of groundwater samples from the Dock 2 area for Upland Groundwater VOCs and 

pH 
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¶ Collection of groundwater samples for analysis of natural attenuation parameters as 

described in Section 2.18 

¶ Collection of 309 soil samples from 29 locations within WMU A and N Landfill to archive for 

possible future PCDD/F and PCB congener analysis 

 
2.1.17 Subtidal/Hydraulic Investigation (2005-2006) 

The SAP and QAPP for this investigation were conditionally approved by USEPA and Ecology on 

May 20, 2005.  Field activities for the investigation began on June 30, 2005, were completed on 

August 22, 2006, and included: 

 

¶ Collection of groundwater and sediment/soil samples at discrete intervals from 99 subtidal 

borings 

¶ Completion of 2 Site-wide groundwater sampling events (pre and post-extraction system 

shutdown) including groundwater monitoring wells, subtidal piezometers, and extraction 

wells 

¶ Installation of 13 down-hole transducer groups at 10 subtidal locations and 3 upland 

locations on the east side of the Waterway 

¶ Collection of sediment/soil and groundwater samples at discrete down-hole transducer 

elevations 

¶ Collection of groundwater and sediment/soil samples at discrete intervals from 3 upland 

borings installed adjacent to the embankment area at Dock 1 

¶ Completion of a seepage meter monitoring program, 26 seepage meters, to determine the 

nature and extent of groundwater to the Waterway during various phases of the tide cycle 

¶ Analysis of groundwater, sediment, and soil samples from subtidal borings for Embankment 

Area/Subtidal Groundwater VOCs, SVOCs, PCBs, metals, and pH 

¶ Analysis of pre-extraction system shutdown groundwater samples from the monitoring 

wells and extraction wells for Upland Groundwater VOCs, pH, DOC, specific gravity, sodium, 

TDS, chloride and natural attenuation parameters identified in Section 2.18 

¶ Analysis of pre-extraction system shutdown groundwater samples from the subtidal 

piezometers for Embankment Area/Subtidal Groundwater VOCs, SVOCs, PCBs, metals, pH, 

DOC, specific gravity, sodium, TDS, chloride and natural attenuation parameters identified 

in Section 2.18 

¶ Analysis of post-extraction system shutdown groundwater samples from the monitoring 

wells, extraction wells, and subtidal piezometers for DOC, specific gravity, sodium, TDS, and 

chloride 
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